The objective of the present study was to evaluate the effect of different plasticizers on the ethylcellulose coatings of capsules and its timed release characteristics. Various plasticizers such as dibutyl phthalate (DBP), triacetin (TA), glycerol, triethyl citrate (TEC), polyethylene glycol-4000 and polyethylene glycol-6000 (PEG) were studied. The physicochemical properties of the casted polymeric films such as mechanical resistance, water uptake and dry weight loss were determined. Also the type and concentration of plasticizer on timed release of the capsule was studied. The drug release was found to be strongly dependent on the type of plasticizer and was in the order of GY>TA>PEG 6000>PEG 4000>TEC>DBP. Capsules coated with hydrophobic DBP (5%) showed good release with a lag time of 6 ± 0.5 h. DBP provided mechanically resistant coatings on the capsule and remained within the polymeric films without leaching upon exposure to the release media which helped in maintaining the lag time.
Introduction
Controlled drug release is the term refers to the delivery of the drug in vivo according to the predictable rate or at specific times or with specific release profiles. In recent years time-controlled drug release dosage forms are taken interest of many scientists. Polymeric film coatings are one of the frequently used technologies to control the drug release from tablets or capsules [1] . While coating any solid dosage form, in order obtain desired release pattern many parameters can be varied such as the type of polymer, plasticizer, amount of plasticizer and coating level etc [2] .
There are different types of coatings are used such as water insoluble coatings, pH dependent and pH independent coatings. Ethylcellulose (EC) is widely used water insoluble polymer coating system in oral controlled release dosage forms [1] . Even though the type of polymer used in coating helps in controlling the release of drug, it is essential to include plasticizer along with the polymer to obtain flexible film coating and to improve the film performance. The plasticizers help in modifying the physical properties of films and provide sufficient mechanical strength. Also it alters the brittleness of the film and sometimes the permeability of the film depending on the nature of plasticizer used [3] . Permeability in turn affects the water absorption behavior and drug release performance [4, 5] . Many compounds act as plasticizers including glycerol, poly (ethylene glycol), propylene glycol, oils, citrates, adipates, and phthalates, etc. Based on their intrinsic properties and the interaction with polymers, each plasticizer behaves differently [4] .
In the present work it was planned to study the effect of different plasticizers on the EC coated timed-release dosage form. In our earlier study we developed a timed-release capsule dosage form, in which capsules were coated with EC and plasticized using dibutyl phthalate [6] . Therefore, the aim of present work was to investigate the effect of various plasticizers on the performance of EC coating films and the timed release behavior of plasticized, EC coated capsules. Valsartan, a long-acting 
Preparation of polymeric films
Thin polymeric films were prepared by casting with ethyl cellulose (95%) plasticized with 5% plasticizer (DBP, TA, TEC, GY, PEG-4000 and PEG-6000) as a 6% solution in a 50:50 v/v mixture of acetone and propan-2-ol. The mixtures were stirred for 30 min prior to casting into Teflon molds. The films were subsequently subjected to control drying for 12 h at 37°C in an oven.
Characterization of free films

I.
Mechanical properties
The thickness of the films was measured using a thickness gauge. The mechanical properties such as percent elongation, puncture strength and energy at break of the films (3×3 cm) were measured in both and wet state using a puncture test and texture analyzer (Instron ® 3366-2716015, Germany). Film specimens were mounted on a film holder and the puncture probe was moved through the film at a defined speed of 0.1 mm/s. Force vs. displacement curves were recorded with a 50 N load cell.
The mechanical properties of the films (3×3 cm) containing DBP before and after exposure to 0.1 N HCl for 2 h, phosphate buffer (pH 6.8) up to 4 h, followed by phosphate buffer (pH 7.4) were also measured. Film pieces were placed into glass beakers filled with 200 ml and agitated in a horizontal shaker at 37°C and 75 rpm (Water bath shaker, Remi Equipments, Mumbai). At predetermined time points, samples were withdrawn and mechanical properties were determined. Load versus displacement curves were recorded until rupture of the film and used to determine the mechanical properties such as puncture stress, tensile extension, energy at break and tensile strain. Young's modulus (YM) was calculated by extending the linear portion of the stress-strain curve and dividing the difference in stress by the difference in strain [7] .
II.
Water uptake and dry weight loss of cast polymeric films
Thin, polymeric films were cut into pieces of 3×3 cm, were weighed (W 0 ) and placed into 100 ml preheated 0.1 N HCl for 2 h followed by phosphate buffer pH 6. 
Formulation
Formulation contained coated capsule body filled with swellable polymer, drug tablet and erodible tablet and closed with water soluble cap according to our previous study. 
In vitro dissolution studies
The in vitro dissolution study of capsule device was carried out using USP Type II dissolution apparatus. The study was carried out in 900 ml of 0.1 N HCl for first 2 h, then phosphate buffer (pH 6.8) for 4 h followed by phosphate buffer (pH 7.4). The dissolution medium was maintained at 37±0.5°C and 75 rpm. The capsule assembly was tied to metallic disc was then introduced into the dissolution vessel. At pre-determined time intervals, 5 ml of sample was withdrawn and analyzed by UVVisible spectrophotometer at 250 nm. At each time of withdrawal, 5 ml of fresh corresponding medium was replaced into the dissolution vessel.
Results and Discussion
Mechanical properties of thin polymeric films in the dry state
The thickness of the films was found to be in the range of 0.5 to 1 mm. The elastic modulus and the elongations at break were calculated based on the stress-strain profiles obtained for each film. The elongation at break was increased with increase in the plasticizer concentration, resulting in a decrease in Young's modulus of films (Table 1 ). This was caused by the plasticization effect and interaction with the polymer molecules.
The higher molecular weight of PEG is associated with decrease in the number of hydroxyl groups and higher molecular volume leading to decrease in the accessibility to interact with the polymer molecules [10] . As the molecular weight of PEG was decreased and concentration of plasticizer was increased, the tensile strength was increased at breaking point [11] . Among all, the films prepared with DBP had highest modulus and mechanical strength. 
Mechanical properties of thin polymeric films in the wet state
The composition of polymeric system greatly influences their mechanical properties and hence changes the percent elongation, puncture strength and energy at break of the films upon exposure to the release media. The films containing 5% DBP were exposed to dissolution medium and at different time intervals, mechanical properties were measured ( Table 2 ). The puncture strength of the films was declined with increasing exposure time in dissolution medium. The tensile extension was increased with decrease in modulus and tensile stress. The percent elongation was found to be 21.95, 54.10 and 76.85 for 1, 4 and 6 h respectively. The energy at break was also increased. Overall mechanical strength of DBP films was decreased on exposure to release media. 
Water uptake and dry weight loss of cast polymeric films
The increase in water content of films generally increases their permeability (Figure 1 ). Higher water uptake rates and extents were observed with hydrophilic plasticizers compared to DBP containing systems. Percentage water content was less than 2.5 in the case of DBP, whereas GY and TA absorbed more than 10%. These data were supported by the higher dissolution rate of systems containing hydrophilic plasticizers ( Figure 3 and 4) . Dry mass of thin polymeric films consisting of EC plasticized with DBP remained about constant (weight loss below 98%), as lipophilic plasticizer, DBP does not leach out of the polymeric coatings ( Figure 2 ). The more hydrophilic plasticizers such as GY, TA and PEG leached out of the polymeric systems upon exposure to the release media, with weight loss of 70, 80 and 84% respectively, resulting in decreasing mechanical strength of the films and, facilitated crack formation [5] . 
In vitro dissolution studies
The release pattern was varied with capsules coated with EC containing different plasticizers ( Fig. 3 and 4) . The type of plasticizer had a prominent effect on the resulting drug release kinetics. In all cases the release was slow in 0.1 N HCl. When plasticizer was not added, the EC film formed was brittle, and broken easily in 0.1 N HCl, the dissolution medium penetrated readily, giving rapid dissolution (within 30 min). The mechanical properties of the film improved as the amount of plasticizer was increased. Also better barrier film was formed and it prevented the fast penetration of the dissolution medium. Hence slower dissolution rate was observed with increase in plasticizer concentration [12] .
The PEG and PG being readily water soluble create pores, allowing more rapid penetration of the dissolution medium and hence with theses coatings the lag time (time required to release 10% of drug) was 2 h. TEC showed comparatively slower release than PEG, PG and TA, with a lag time of 3 h. The drug release was much slower initially when DBP was used, compared to other plasticizers. Capsules coated with 5% DBP showed a lag time of 6 ± 0.5 h followed by rapid release. This may be due to hydrophobic nature of the DBP. The release of drug from capsules coated with different plasticizers was in the order of GY>TA>PEG 6000>PEG 4000>TEC>DBP (Figure 3  and 4) . Thus the drug release pattern may be attributed to the difference in water permeability and leach ability from the films. 
Conclusion
The type and concentration of plasticizer were found to be the essential factors to be considered in designing controlled release coated systems. These affected the release of valsartan from the capsules. Capsules coated with ethyl cellulose containing 5% DBP showed optimum drug release with lag time. DBP was found to be versatile plasticizer shown to remain within the polymeric films upon exposure to the release media, assuring mechanically resistant coatings during drug release and was helpful in maintaining lag time.
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